Abstract. The scenario of a severe accident in the containment building of a nuclear plant results in an increase in pressure, temperature and relative humidity that can reach respectively 5 bars, 140 C and the water vapour saturation. Accurate knowledge of the thermal and mechanical behaviour of materials and more specifically of concrete is required to carry out more precise numerical simulations, in order to be able improve the precision of regulatory calculations.
INTRODUCTION
Measurements of the mechanical properties of concrete under controlled conditions of temperature but without control of relative humidity [1] [2] [3] [4] and mechanical tests under different percentages of degree of saturation and controled temperature exist in literature [5, 6] . To our knowledge, in literature, there are no measurements of the mechanical properties of concrete under controlled conditions of temperature and relative humidity except the results of Bazant [7] who measured the strength of concrete at dry state and at 100 % of relative humidity at different levels of temperature.
It is interesting to study the evolution of the mechanical properties of concrete in dependence of temperature and degree of saturation. But in order to regulate the relative humidity at temperatures higher than 100
• C, it is necessary to take into account the pressure. In fact, these three parameters (temperature, degree of saturation and pressure) influence on the evolution of fracture energy, elastic modulus and traction resistance. Thus, their combination must beinvestigated.
The objective of this experimental work is to characterise the evolution of the fracture energy, the modulus of elasticity and the tensile strength in function of temperature, degree of saturation ( S w ) and pressure. For this purpose, the DCT tests (Disk-shape Compact Tension) [8, 9] has been chosen to determine this evolution. The DCT tests have been performed under hydrothermal controlled conditions. The different degree of saturation in liquid water, S w are obtained by be storing the specimens in an environment at imposed relative humidity. The target values of degree of saturation are the following: 36, 56, 68, 96 et 100 %. The temperature has been fixed at four target values : 30, 90, 110 and 140
• C. This choice allows to measure the influence of temperature on the behaviour of concrete by considering the temperature under service condition and under a severe accident in a confinement reservoir in a nuclear plant. For temperatures of 110 and 140
• C, the pressures of the saturated vapour are respectively 1.4 and 3.5 bar.
Materials and specimens

Formulation and characteristics
An ordinary concrete called BMacena, representative of the concretes used for French nuclear power plants, was chosen. Its composition is presented in Table 1 . The standard mechanical properties of the hardened concrete at 28 and 90 days are reported in Table 2 . These properties were obtained by calculating the mean value of two samples performed on 16 x 32 cm specimens. Tensile strength was evaluated using the splitting test. 
Specimens
In this study, the DCT specimen [9] is used (see Figure 1 ). Letter D indicated that the specimen is a disk, letter C indicates that the specimen is compact and letter T indicates that the load is applied in traction. The principle of this test is simple: it consists in submitting the specimen to an increasing tension or to a constant displacement until failure. During the test, the crack opening and the applied load are recorded by means of a data logger system. The DCT test is generally used to test samples of steel [10] and asphalt [11] , but we used the DCT test on concrete because the samples have a specific geometry that allows to reduce the volume under pressure during the test.
In this study, the principle of the DCT tests can be used for the whole experimental campaign with the objective of determining the parameters E, F t and G f . 
Hydro-thermal balancing of specimens
After demoulding, the specimens are stored in water at 20
• C and they are considered fully saturated at the beginning of the equalisation process. A series of specimens is kept in water and for the other ones, the equalisation starts 90 days after the mixing of the concrete. In order to accelerate the desaturation process and the equalisation of our specimens, it has been decided to store specimens at 60
• C except for a series. Furthermore, in order to perform the test in a reasonable time, we needed to keep different specimen in different environments at the same time. We used salt solutions to regulate the different levels of relative humidity.
The saturated salt solutions were disposed at the bottom of the containers ( Table 3 ). The relative humidity is regularly controlled by a thermo-hygrometer capable of measuring relative humidity that ranges from 10 % to 98 % . Three specimens are placed in each container and for each level of relative humidity, we used two containers that later have been placed in an oven in which temperature was increased with a rate of 1
• C/min up to 60 • C. At this stage, all specimens are placed in their environment.
Some specimens were weighed regularly, in order to establish if stabilisation is completed and to determine the isothermal desorption of the material.
The surface of the specimens is wiped if necessary. The measurements are performed in a very short time and always by respecting the procedure whose effect is considered negligible on hydro-thermal state. The weight is measured by using a scale with a precision of 0.01 g.
The control of the equilibrium was done by regularly checking the evolution of the mass of all samples ( Figure 2 ). We supposed that the equilibrium is attained when the mass of the specimen changes less than 0.1 % between two measurements over a week. The control on the masse was done on three samples for each environment. Figure 2 represents the curves that correspond to one of the specimens for each environment. Time (days) Table 4 shows the degree of water saturation of samples at equilibrium in their corresponding environment. This table also shows the observed balancing times for the different environments. 
DCT test equipment
In order to maintain humidity in the atmosphere for temperature higher than 100
• C, it is necessary to apply pressure. For this reason, we built a new experimental device (called pressurized cell) in which we performed the mechanical tests (DCT tests) under controlled conditions of temperature (up to 140
• C) and pressure (up to 4 bars).
The experimental device respect specific requirements such as:
• Evolution of degree of saturation in specimens must ne neglectable during testing
• Pressure of 4 bars can be reached in the pressurized cell
• The pressurized cell must be sealed to air and water
• The measurements of displacement and load must be logged during testing and hence all transducers must support testing conditions
The pressurized cell contains a water tank with an electrical resistance ( Figure 3) . The resistance is controled with a thermocouple located close to specimen. When the temperature in water exceeds 100
• C, water evaporates and pressure increases. A pressure valve is used to release air to obtained precisely the target value. During the test, air is saturated of water vapour. In prelimlinary tests, specimens have be weighted before and after heating. The increase of weigth is less than 0.01 % for a degree of saturation of 36 %. This is considered neglectable. Two stainless steel rollers were used for application of the load. Two stainless steel helmets were linked to the rollers and to the hydraulic press. Fracture energy was assumed to be the total work of the applied load by unit of crack area: 
Modulus of elasticity
In order to determine the elastic modulus by means of a DCT test, we performed a numerical calculation to determine the relation between the real elastic modulus and the slope of the initial curve between force and relative rollers displacement. Then, the equation 1 can be used to determine the modulus of elasticity
Where E 0 = 30 GPa modulus of elasticity used for the numerical calculation K exp = experimental slope K 0 = 14.90 KN/m
Tensile strength
The tensile strength of concrete is usually deduced from the peak load. In most cases this is not completely true and softening of concrete begins before the peak, which therefore depends on the elastic and softening characteristics of the material. We assume in the following that the softening of concrete in tension can be correctly depicted by means of a coupled elastoplastic damage model that uses a crack band approach. The model initially developed by Fichant et al. [12] was recently modified in order to better take into account the fracture energy [13] . It is implemented in the recent versions of Cast3M [14] and known as "MICROISO". In the event of slow loading, the results of simulations depend only on 3 parameters: modulus of elasticity E, fracture energy G f and tensile strength f t , assuming that the Poisson's ratio ν is known (a standard value of ν = 0.2 is hereby taken). Assuming that the values of the modulus of elasticity and of the fracture energy are known, the peak load becomes a function depending on the unique value of the strength f t . A first computation is performed with a start value of f t 1 = 1.8M P a, then the maximum value of the computed load F M i is compared to the experimental value F Mexp and a new computation is performed with a new value of f t corrected by a Newton Raphson method.
2) The load displacement curves obtained during the iterative process are reported in Figure 5 . 5 iterations allowed us to obtain a good approximation. The computation performed with the identified parameters (E, f t and G f ) is compared to experimental results in Figure 6 . A good agree-ment between numerical simulations and experimental results can be observed. Table 5 shows the different fracture energy results obtained using the DCT test. Tests were performed at temperatures of 30, 90, 110
• C and 140
• C , at different relative humidity values as described above, corresponding to different values of S w and different pressure.
Fracture energy depends on the degree of water saturation for the samples tested at 30, 90, 110
• C and at 140 • C Figure 7 . For 30 and 90
• C, fracture energy decreases linearly as the degree of water saturation increases but does not seem to be affected by the temperature. The results are in good agreement with the results obtained by Bazant [7] .
The increase in G f with the decrease in S w can be explained by the capillary pressure, which increases as S w decreases. This induces local compressive stresses between the pores. Because of these compressive stresses, the propagation of cracks is harder and greater energy is necessary for the creation of cracks. For 110 and 140
• C, the results are very close even if the values obtained at 110
• C are slightly higher than the values obtained at 140
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Except fo 90
• C, the modulus of elasticity is almost constant between 36 and 95 %. An increase in the elastic modulus was registered as the degree of saturation increased from 95 % to 100 %. The results at 30
• C agrees with the those obtained by Chen [15] who explained this phenomenon by the saturation of the biggest pores. The low compressibility of water induces fewer deformations of the pores and a higher modulus of elasticity. The evolution of the Tensile strength with S w is shown in Figure 9 and Table 7 . It can be observed that the tensile strength is practically constant while the degree of saturation changes from 36 % to 68 %. An increase of the tensile strength has been observed while the degree of saturation increases from 68 % to 100 %.
The drying of concrete induces a shrinkage in the cement paste but not in the aggregates. This mismatch leads to the appearance of cracks at the interface between cement paste and the aggregates. This can facilitate the appearance of the first macroscopic crack and the decrease in tensile strength. 
CONCLUSIONS
The evolutions of Young's modulus E, Fracture energy G f and tensile strength F t were measured at different values of the degree of water saturation for temperatures ranging from 30
• C to 140 • C. A specific vessel was designed in order to perform experiments under autoclave vapour condition for temperatures higher than 100
• C. The first results show that: At constant and homogeneous values of S w .
• F t decreases monotonously with the temperature and can be divided by two between 30
• C.
• E slightly decreases between 30
• C and 90
• C and then increases for temperatures greater than 100
• C
• G f increases with the temperature, the relative increasing is as more important for high values of the saturation degree.
At constant values of temperature
• F t and E remain nearly constant when S w ranges from 30 % to 60 % and then increase when S w ranges from 60 % to 100 %
• G f decreases with S w when the temperature is lower than 100
• C and a conversely increases with S w for higher temperatures.
Some physical explanations could be found for each individual result, but at first glance some of them seems to be antagonist.ThermoHygro-Mechanical Numerical computations performed at the meso-cale may help to better understand these experimental results.
